We have discovered X-ray emission from four historical Type-II supernovae (1941C in NGC 4631; 1959D in NGC 7331; 1968D and 1980K in NGC 6946), using Chandra ACIS-S imaging. In particular, the first three are the oldest ever found in the X-ray band, and provide constraints on the properties of the stellar wind and circumstellar matter encountered by the expanding shock at more advanced stages in the transition towards the remnant phase. We estimate emitted luminosities ≈ 5 × 10 −1 in the 2-10 keV band. We speculate that it may be evidence of non-thermal emission from a Crab-like young pulsar.
INTRODUCTION
Circumstellar interaction models (Fransson et al. 1996; Immler & Lewin 2003) predict two characteristic phases in the evolution of a core-collapse supernova (SN) over timescales of a few decades. In the first few years, the outgoing shock front is expanding through the material deposited by stellar winds from the progenitor star. During this phase, the radio and X-ray emission decline at a rate ∼ t −s with s ∼ 1-4 (Immler & Lewin 2003; Immler & Kuntz 2005; Stockdale et al. 2006) . After a few decades, the shock reaches the boundary with the interstellar medium (SN remnant phase), and the luminosity decline flattens. Thus, studying the evolution of an ageing SN, as it evolves towards the remnant stage, can provide information on the final few thousand years of evolution of the progenitor star. Characteristic temperatures of the shocked gas are ∼ 0.5-1 keV, leading to emission in the soft X-ray band.
Soft thermal emission may not be the only source of X-rays in an ageing SN. A large fraction of core-collapse SNe (about 87% for a solar metallicity and a Salpeter initial mass function; Heger et al. 2003 ) is expected to leave behind a spinning, isolated neutron star. Observations of known pulsars show that a fraction of the rotational energy lossĖ rot is converted into X-ray radiation (Becker & Trumper 1997; Possenti et al. 2002 ) making many neutron stars visible as young X-ray pulsars, after the central region becomes optically thin (a few decades; Chevalier & Fransson 1994) . If most pulsars had millisecond periods at birth, they would constitute a substantial fraction of the population of X-ray point sources in star-forming galaxies (Perna & Stella 2004) . Conversely, limits on the X-ray luminosities of a sizeble sample of young pulsars can be used to constrain their initialĖ rot , and hence the distribution of their spin periods at birth (Perna et al. 2008 ). Since very young SNe have a substantial optical depth, for these studies it is especially important to gather a sample of ageing SNe, and measure or constrain the X-ray luminosity of the pulsars possibly created in those events.
Only 35 core-collapse SNe have been found in X-rays so far 1 ; and there is still a big gap between the oldest historical SNe and the youngest remnants. In this Letter we report our discovery of X-ray emission from four historical SNe, using Chandra X-ray Observatory data: SN 1941C, SN 1959D, SN 1968D and SN 1980K . The first 3 are the oldest ever found in the X-ray band.
DATA ANALYSIS
We searched the Chandra public archive, and downloaded the observations that included in the field of view the location of historical core-collapse SNe older than 1970G. We limited our search to host galaxies at distances 15 Mpc. The optical position of the SNe was taken from the CfA List of Supernovae 2 , the Asiago Catalogue 3 and the Sternberg Catalogue (Tsvetkov et al. 2004) . We estimate that optical positions have uncertainties between ≈ 1 ′′ and 2 ′′ . We used the Chandra Interactive Analysis of Observations (CIAO) software package (Version 3.4) to extract and examine the images in the full 0.3-8 keV band, as well as in narrower bands. In particular, we used the wavdetect source finding routine. We found point-like X-ray sources associated with the SN position in three cases : SN 1941C in NGC 4136; SN 1959D in NGC 7331; and SN 1968D in NGC 6946 , where we also recovered SN 1980K. We then studied those systems in more detail. ′′ 5 (comprising 95% of the source counts at 2 keV, on axis), centered on the X-ray source, within 1 ′′ from the approximative optical position of SN 1941C. There are no other X-ray sources in a radius of 25 ′′ , so a chance coincidence is very unlikely. We extracted the background from an annulus of radii 4 ′′ and 10 ′′ . We used the CIAO task psextract to create the source file, and mkacisrmf for the response. We recalculated the auxiliary response file with mkarf. Considering the small number of detected counts, and the proximity of the two observations compared with the age of the SN, we coadded the two spectra for subsequent flux estimates, using a local code (Page et al. 2003) .
NGC 7331 was observed by Chandra/ACIS-S on 2001 January 27 (ObsID 2198), for a live time of 29.5 ks. The level-2 event file from the archive was created with the standard data processing version DS7.6.8 and did not require reprocessing. There is a faint source at ≈ 3σ significance at the position of SN 1959D ( 1 ′′ from the 
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where dA is the angular size distance to the source (cm), ne is the electron density (cm −3 ), and nH is the hydrogen density (cm −3 ).
e Observed flux in the 0.3-8 keV band; units of 10 −15 erg cm −2 s −1 . f Unabsorbed luminosity in the 0.3-8 keV band; units of 10 37 erg s −1 . g Unabsorbed luminosity in the 0.3-2 keV band; units of 10 37 erg s −1 . h Unabsorbed luminosity in the 2-10 keV band; units of 10 37 erg s −1 .
optical position) and no other sources within ≈ 10 ′′ . We centered our source and background extraction regions around the X-ray position, and applied the CIAO tasks mentioned above.
NGC 6946 was observed by Chandra/ACIS-S on 5 occasions between 2001 September 07 and 2004 December 03 (see Table 1 for details). The combined live time is 172.6 ks. The level-2 event files in the archive were produced with recent versions of the calibration files (DS 7.6.7.1 and DS7.6.8) and did not need reprocessing. A moderately bright source is detected at high significance at the position of SN 1968D in each of the observations; SN 1980K is found in the last four observations (it is outside the field of view in the first one). We extracted the source spectra, with associated background, response and auxiliary response files, as explained above. We then studied both the individual spectra and a coadded one from all observations. Finally, after we extracted all the spectra, we used XSPEC Version 12 (Arnaud 1996) to do spectral fitting (when possible) or estimate flux rates in different bands. (Jones 1941) in the face-on SBc galaxy NGC 4136. Chandra observed it ≈ 61 yr later. From the combined 38-ks observation, we estimate a count rate of (6.5 ± 1.3) × 10 −4 ct s −1 in the 0.3-8 keV band. With only ≈ 25 net counts, we cannot do much spectral fitting; however, we have enough counts to find that the emission is not entirely in the soft band. We estimate a count rate of (1.6 ± 0.7) × 10 −4 in the 1.5-8 keV band (i.e., about 6 out of 25 backgroundsubtracted counts). Assuming a fixed line-of-sight absorption of 1.5 × 10 20 cm −2 (Kalberla et al. 2005) , and using Cash statistics (Cash 1979) , we find that the Xray colors are roughly consistent with a thermal plasma at ≈ 3 keV (with a 90% confidence limit of kT > 1.2 keV), or with a power-law spectrum with photon index Γ = 1.8 +0.6 −0.5 . The distance to the host galaxy is 9.7 Mpc (Tully 1988) , or (8 ± 2) Mpc (Gusev et al. 2003) . Hughes et al. 1998 ). Chandra observed it at an age of ≈ 42 yr. We found an excess of ACIS-S counts at the SN position: 7 total cts in the 0.3-8 keV band from the source extraction region, compared with an average local background of ≈ 1.9 cts. It is the only point-like X-ray excess in a radius ≈ 10 ′′ around the optical position. The background emission is mostly from diffuse hot gas, because the SN is relatively close to the star-forming galactic center. We used the Bayesian method of Kraft et al. (1991) to determine whether this could be considered a statistically-significant detection. We obtain from their tables that the 90% confidence limit is between 1.5 and 10.5 net counts. Hence, we conclude that a source coincident with the SN position is formally detected at the 90% level. A longer observation is clearly needed to test this speculative result.
Assuming line-of-sight N H = 6.2×10 20 cm −2 (Kalberla et al. 2005) , and a power-law spectrum with Γ = 2, 5 net counts (1.7 × 10 −4 ct s −1 ) correspond to an indicative emitted luminosity ≈ 3.5 × 10 37 erg s −1 in the 0.3-8 keV band. Using the 90% confidence limit from Bayesian statistics, the X-ray luminosity is constrained between ∼ 1-7 × 10 37 erg s −1 . For an optically-thin thermal spectrum at kT = 0.7 keV, the corresponding luminosity range is ∼ 0.5-4 × 10 37 erg s −1 . (Dunlap 1968; Wild 1968) , the Type-II SN 1968D is hosted by the SABcd galaxy NGC 6946. Located at a distance of (6 ± 0.5) Mpc (Karachentsev et al. 2000; Eastman et al. 1996) , NGC 6946 has produced 9 SNe (mostly of Type II) between 1917 and 2008-the highest number in a single galaxy. Five of them occurred before 1970; of these, only SN 1968D is detected in the X-ray band (earlier SNe have also larger uncertainties in their optical positions). In fact, considering that SN 1968D is among the brightest X-ray sources in the galaxy (Figure 1) , it is surprising that it has gone unnoticed until now.
SN 1968D and SN 1980K Discovered on 1968 February 29
We studied the X-ray colors and fluxes from each of the five Chandra observations, and then coadded the individual spectra to achieve sufficient signal-to-noise for spectral fitting. This is justified by the short time interval between the observations, compared with the age of the SN. The coadded spectrum has 120 total counts in the 0.3-8 keV band, and ≈ 109 net counts. We rebinned the spectrum to have 9 counts per channel and used the Cash statistic to fit the spectrum (but we also verified that fits based on the χ 2 statistic give almost identical results). We used a power-law model, an optically-thin thermal plasma model, and both components simultaneously (Table 2), leaving the neutral column density free to vary. All three models give statistically acceptable fits. However, the power-law model underestimates the soft emission and requires an unphysically steep photon index. On the other hand, the thermal-plasma model slightly underestimates the emission above 2 keV. Thus, it is plausible that the X-ray emission is a combination of a nonthermal and a thermal component (Figure 2) . In this case, we found the best-fit parameters kT = 0.45
keV for the gas temperature, and Γ = 1.9 +0.9 −1.6 ct s −1 for the power-law photon index. All models suggest that the absorbing column density is substantially larger than the Galactic line-of-sight column (Table 2) ; the emission is completely absorbed at energies 0.7 keV. Such large absorption leads to uncertainties in the estimate of the emitted luminosity. We infer L X ∼ 1-3 × 10 38 erg s −1 in the 0.3-8 keV band, and L X ≈ 10 37 erg s −1 in the 2-10 keV band, from the power-law component.
We find some marginal variability but not a statistically-significant trend in the net count rate over the 5 observations (Table 3 ). The average observed flux from the first two datasets (from 2001-2002) is slightly higher than the average observed flux from the last three, but we cannot attribute this variability to a long-term decline, because of the large uncertainties.
NGC 6946 contains various other ageing core-collapse SNe. We did not find any evidence of SN 1917A and SN 1948B. However, we have recovered SN 1980K, previously detected by Einstein a month after the explosion (Canizares et al. 1982) , and by ROSAT 12 years later (Schlegel 1994) . It has an optically-thin thermal spectrum with kT = 0.85 +0.04 −0.07 keV and an average emitted X-ray luminosity ≈ 4 × 10 37 erg s −1 , in the 0.3-8 keV band (in fact, it has no detected emission above 2 keV). This is consistent with a value of ≈ 5×10 37 erg s −1 in the same band, estimated from the ROSAT data (Schlegel 1994) , after rescaling to the same adopted distance. We leave a more detailed discussion to a separate work (Soria et al., in preparation) .
DISCUSSION
Our main result is the X-ray discovery of at least two, and probably three historical SNe at ages between ≈ 35-60 yr. This is thought to be the characteristic age at which the outgoing shock reaches the interstel- Table 2 . lar medium, that is when the SN becomes a SN remnant (Immler & Lewin 2003) . Before this study, SN 1970G was the oldest confirmed detection (Immler & Kuntz 2005) : we have now pushed the X-ray record to SN 1941C. (SN 1923A has the overall record, having been detected in the 6-cm radio band 75 years later, but is not visible in Xrays; (Stockdale et al. 2006) ). Of the three new sources, only SN 1968D had enough counts for spectral fitting. However, all three detections will be useful for deeper follow-up observations and multiband comparisons, and will provide constraining datapoints to model the luminosity decline in years to come. There are 25 histori- 2001-09-07 12244 1.0 ± 0.5 3.6 ± 0.8 2.0 ± 0.6 6.6 ± 1.1 6.5 2002-11-25 12688 1.9 ± 0.8 4.9 ± 1.3 2.5 ± 0.5 7.7 ± 1.7 6.2 2004-10-22 13385 0.6 ± 0.5 2.9 ± 1.0 0.8 ± 0.6 4.7 ± 1.3 6.1 2004-11-06 13400 1.9 ± 0.9 3.3 ± 1.1 1.5 ± 0.8 7.1 ± 1. The optically-thin thermal-plasma emission from an ageing SN comes from the shocked gas between the reverse shock and the outgoing shell of ejecta. The X-ray luminosity constrains the mass-loss rate of the progenitor, via the relation
−1 , where m is the mean mass per particle, Λ(T ) is the cooling function at temperature T ,Ṁ the massloss rate of the progenitor, v w the stellar wind speed and v s the speed of the outgoing shock (Immler et al. 2002; Immler & Lewin 2003) . Hence, the X-ray luminosity of a SN at an age t depends on the wind properties of the progenitor at an age tv s /v w ∼ 10 3 t before the explosion. For our fitted luminosity of SN 1941C, using the numerical values from Immler & Kuntz (2005) , we infer a massloss rate ≈ 5 × 10 −5 M ⊙ yr −1 at ≈ 55, 000 yr before the SN. For SN 1968D (Table 2) , the inferred mass-loss rate is ≈ 8 × 10 −5 M ⊙ yr −1 at ≈ 30, 000 yr before the SN; for SN 1980K,Ṁ ≈ 3 × 10 −5 M ⊙ yr −1 at a time ≈ 20, 000 yr. More likely, these should be considered as an order of magnitude estimates. The X-ray luminosity and massloss rate of SN 1968D suggest that this SN is evolving to a remnant similar to Cas A (Dunne et al. 2003; Hwang et al. 2004 ). The similarity between SN 1968D and Cas A was also noted from radio observations (Hyman et al. 1995) .
In Type-II SNe, the synchrotron radio emission is produced by electrons accelerated at the outgoing shock front, where the ionized circumstellar wind is compressed, and the magnetic field locked in it is amplified (Chevalier 1982a,b; Weiler et al. 1986 Weiler et al. , 1992 . Thus, the radio luminosity is also a function ofṀ /v w (Weiler et al. 1986 ). However, a single radio measurement at late times is generally not sufficient to determine the mass-loss rate; one has to know other parameters such as the density profile of the ejecta and the optical depth and flux at early times (e.g., 1 day after the explosion). Of the four X-ray SNe discussed here, 1980K is the only one for which a detailed radio lightcurve is available (Montes et al. 1998) . From a detailed modelling of their data, Montes et al. (1998) infer a mass-loss rateṀ ≈ 2 × 10 −5 M ⊙ yr −1 for the first 10 yrs after the SN, possibly declining to ≈ 10 −5 M ⊙ yr −1 after that. This is in good agreement with the X-ray estimate.
We found no published radio fluxes or limits for SN 1941C. There are three upper limits for SN 1959D, at ≈ 26-27 yrs after the explosion (Eck et al. 2002) , and a radio detection for SN 1968D, ≈ 26 yrs after the event (Hyman et al. 1995) . In the absence of earlytime data or detailed radio lightcurves, it may still be possible to estimateṀ , by using characteristic parameters from another SN assumed as a standard template; for example, Eck et al. (2002) suggest an empirical formula based on the behaviour of SN 1979C. Using their formula, the stellar mass-loss rate for SN 1959D would be < 6 × 10 −6 M ⊙ yr −1 , and ≈ 7 × 10 −6 M ⊙ yr −1 for SN 1968D, an order of magnitude less than estimated from the X-ray luminosity. However, we suspect that Eck's scaling may under-estimate some mass-loss rates. For instance, the same relation givesṀ ≈ 6 × 10 −6 M ⊙ yr −1 for SN 1980K, three times less than calculated from detailed radio modelling; for SN 1970G, Eck's formula impliesṀ ≈ 5 × 10 −6 M ⊙ yr −1 while the X-ray estimate is ≈ (2-3) × 10 −5 M ⊙ yr −1 (Immler & Kuntz 2005) . A more accurate estimate of the mass-loss rate is important not only to determine the type of progenitor star, but also to constrain the time of transition between the SN and SN remnant phase: the outgoing shock overtakes the stellar wind bubble and reaches the interstellar medium after a characteristic time ∼ 10 −3 (Ṁ ) −1 yr (Weiler et al. 1986 ). We leave a more detailed comparison of radioand X-ray-inferred rates in SN 1980K and other X-ray SNe to further work.
The presence of a power-law-like emission component above 2 keV in SN 1968D suggests that there may be a contribution from a young pulsar and its wind nebula. We estimate an average power-law luminosity ≈ 10 37 erg s −1 , in the 2-10 keV band. Interestingly, this is comparable to the luminosity of Crab-like systems (Possenti et al. 2002) , and in particular the Crab itself and PSR B0540−69 (Serafimovich et al. 2004) . Therefore, deep X-ray observations of SNe older than about 30 years are optimally suited for the discovery of very young pulsars, and hence to constrain the statistics of pulsar formation, as well as the distribution of their spins at birth.
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